We demonstrate nano-scale tuning of the spatial location of plasmonic vortices on metalair interface. This is enabled by controlling the polarization state of the light coupled to the surface plasmons through a spiral slit. Wave-fronts containing screw dislocations, also known as Optical Vortices (OV) [1] , are singularity points in 2D Electromagnetic fields where the intensity is zero and the phase of the field circulates around it.
Abstract:
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OVs carry an orbital angular momentum and can be used to trap and manipulate nanometer-sized particles [2] , achieve spatial resolution beyond diffraction limit [3, 4] and provide new schemes for light-matter interactions [5, 6] .
OVs carrying higher topological charge also exist, but are inherently unstable in the sense that any perturbation readily causes them to split in a series of vortices with lower charge [7] . For example, a high-order OV "contaminated" by a lower order one, splits into a number of unity-charge vortices which is determined by the difference between the two topological charges. Interestingly, this splitting is controllable by tuning the amplitude of the low-order OV "contamination" and the relative phase between the two vortices. Representing each OV as a Bessel beam of order and , the total electric field of the interference between such two vortices can be expressed as:
where and represent the relative amplitude ratio and phase difference of the two OVs respectively. Such OVs can be created by coupling circularly polarized light, i.e. Angular Momentum of ±1, into guided modes by a 2D Helical slit acting as a lens with topological charge , aka optical spin-orbit coupling [8, 9] . Given a coupling slit with topological charge of , a general polarization state of the light launched into this slit results in interference pattern of Bessel waves of order + 1 and − 1:
2) The phase difference and the amplitude ratio can be controlled simply by changing the polarization state of the incoming light. This can be done using a Quarter ( 4 ⁄ ) and Half ( 2 ⁄ ) wave plates:
are general functions and ⁄ , ⁄ are the orientation angles of the Quarter wave-plate and Half wave plates, respectively, relative to the linear polarization of the incident beam. While the amplitude ratio controls the distances between the OVs, the phase difference controls the orientation axis of the OVs.
Here, we use Surface Plasmon Polaritons (SPPs) as the guided modes and Archimedean spiral slits with topological charge of 2 to couple the incoming light to plasmonic mode. Fig 1 depicts the near-field detection setup used to observe the control over the OV location using 2 ⁄ and 4 ⁄ plates along with SEM image of the coupling slit. We use a scattering type near-field scanning optical microscope (s-NSOM) that enables phase-resolved mapping of the near field on the metal surface via pseudo-heterodyne interferometric detection [10] . This control is demonstrated in Fig. 2 where the topological charge of the coupling slit generates plasmonic Bessel beams of orders 1 and 3. Using the 4 ⁄ we control the amplitude ratio between these two Bessel beams hence the distance of the two newly-generated OVs from the center (Fig. 2 a-c) . Adding the 2 ⁄ plate provides additional control over the relative phase between the two, providing a rotational degree of freedom for the two OVs (Fig. 2 d-f) . Namely, the two degrees of freedom in the polarization state, controlled by the waveplates, are translated to two-dimensional control over optical (plasmonic) dislocations with nanoscale precision. In conclusion, we demonstrate complete control over OVs orientation and distance simply by changing the polarization state of the incident light.
Future experiments will be in the sub wavelength regime using a hybrid waveguide [8] , which is a layered structure consisting of a thin Si layer atop a metallic substrate (silver or gold) separated by nanometers-thick silicon dioxide (SiO2), which supports a hybridization of photonic modes and Surface-Plasmon Polaritons. The high index of the guided modes results in short wavelengths which can further downscale the size of the vortices. This will allow precise control over the location of nano-OV that could be utilized to demonstrate Orbital Angular Momoentum-based light-matter interaction.
